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M<ftfl tor obtaining a high sadage Lini^b a a 
titanium based coatingg 

The present invention relates to a method for po- 
lishing thin Tie, Ti(C,N) or TiN coatings, applied on 
e.g. cutting tools, to an extremely high surface finish 
using the electropolishing technique. 

Thin wear resistant coatings, consisting of one or 
more layers of Tic, TiN, Ti(C,N) and/or A1 2 0 3 , are com- 
monly applied on cutting tools and wear parts in order 
to increase their abrasive and chemical wear resistance. 
These coatings typically have a total thickness of 1-20 
Hm and are applied using chemical vapour deposition 
(CVD) , physical vapour deposition (PVD) and/ or related 
15 techniques. The surface roughness of the coating after 
deposition depends on the roughness of the surface to be 
coated, on the total coating thickness and on the type 
of coating applied. In general, the surface of the coat- 
ing will have at least the same roughness as the initial 
20 surface, the roughness will increase with coating thick- 
ness and a coating containing a layer of <x-Al203 will be 
rougher than one containing K-AI2O3 or Ti-comprising 
layers only. 

One particularly interesting family of coatings is 
25 illustrated in Figs. la-b. Excluding some very thin 

bonding layers, the coating consists of an inner layer 
of Ti(C,N), x, deposited onto a cemented carbide cutting 
tool insert, an intermediate layer consisting of ct- 
AI2O3, y, and a top layer of TiN, z. As deposited, this 
coating has unacceptable surface roughness, originating 
mainly from the rough a-Al 2 0 3 layer. This leads both to 
inferior performance and to a brownish rather unattrac- 
tive colour of the insert. A smooth top layer of TiN 
generally has a shiny golden colour which is sought for 
3 5 cosmetic reasons. Today these problems are avoided 
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either by^ing thermodynamic ally less ^ble k-a1 2 0 3 
instead of a-Al 2 0 3 , by mechanically polishing the ct- 
A1 2 0 3 layer before depositing TiN or by mechanically 
polishing the TiN layer. The first method in many cases 
leads to inferior performance. The second method is an 
expensive two-step deposition process and the third 
method does not render the desired shiny golden colour. 

Electrolytic smoothing or deburring is a commonly 
employed technique, especially for metallic materials. 
Two well-known processes are called electrochemical de- 
burring and electropolishing. US 4,405,422 discloses 
methods for electrolytic deburring of copper or copper 
alloys and 4,411,751 of steel or aluminium alloys. In 
Swedish patent applications 9404326-2 and 9602278-5 
15 methods for edge rounding of cutting tool inserts by 

electropolishing in an electrolyte containing perchloric 
(HCIO4) or sulphuric (H 2 S0 4 ) acid in methanol are pre- 
sented. Common for all these methods is that they are 
designed to produce smooth edges essentially without 
depth effect, each on a specific class of materials, and 
that they are applied prior to any coating process. 
Thus, any roughness originating from the coating itself 
is not eliminated. 

It is an object of the present invention to provide 
a method for directly polishing the coating of cutting 
tool inserts, as well as drills, endmills and wear parts 
where at least the outermost layer of the coating con- 
sists of TiC, TiN or Ti(C.N) . The method can be more 
carefully controlled than mechanical polishing and ren- 
ders a high surface finish over the whole insert. In 
particular, a TiN coating applied onto a rough A1 2 0 3 
layer may be polished to essentially eliminate the sur- 
face roughness and produce a shiny golden colour over 
the whole polished part. 
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It haftarprisingly been found, that^ using methods 
similar to those disclosed in SE 9404326-2 and 9602278-5 
but applying them after, instead of prior to, the coat- 
ing process an extremely smooth surface with excellent 
cosmetic properties, which can not be made by mechanical 
methods, is obtained. Furthermore, since it is the coat- 
ing and not the underlying material that is polished, 
the method is no longer limited to parts of cemented' 
carbide and cermet alloys, but can also be applied to 
coated parts of e.g. high speed steel or ceramics. 

Fig. 1 shows in cross section the nose (a) and 
clearance face (b) of a CVD coated cemented carbide cut- 
ting tool insert prior to treatment, 
x - inner layer of Ti(C,N) 

y - intermediate layer consisting of a-Al 2 0 3 and 
z - top layer of TiN. 
Fig. 2 shows in cross section the nose (a) and 
clearance face (b) of a CVD coated cemented carbide cut- 
ting tool insert treated for 15 seconds according to the 
20 invention. 

Fig. 3 shows in cross section the nose (a) and 
clearance face (b) of a CVD coated cemented carbide cut- 
ting tool insert treated for 60 seconds according to the 
invention . 

25 Fig. 4 shows in cross section the nose (a) and 

clearance face (b) of a CVD coated cemented carbide cut- 
ting tool insert treated for 120 seconds according to 
the invention. 

According to the present invention the coated parts, 
having a single or multiple layer coating with TiN, Tic' 
or Ti(C,N) as outermost layer, are thoroughly cleaned 
e.g. by ultrasonic cleaning in methanol so that dust, 
loose particles, grease stains etc. that may affect the 
polishing result are removed from the surfaces. The 
parts are then submerged in the electrolytic bath and a 
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voltage is^plied between the parts (anft) and a cath- 
ode. Strong agitation is carried- out in order to obtain 
stable conditions with electrolyte flowing along all 
sides of the parts. The cathode should be made of an 
acid resistant material, e.g. platinum or acid resistant 
stainless steel. 

The electrolyte shall contain 2-50 vol%, preferably 
20-30 vol% perchloric (HC10 4 ) or sulphuric (H 2 S0 4 ) acid, 
or a mixture thereof, in methanol. Methanol may be 
partly or fully substituted by more viscous fluids, e.g 
butanol, glycerol or ethyleneglycol-monobutylether ,' in 
order to decrease the polishing speed or as a means for 
obtaining more stable conditions. The temperature of the 
electrolyte may be varied between room temperature and 
-60 o c , ma i n i y in order to change the viscosity Qf fche 
electrolyte. 

The voltage shall be lower than 50 V but higher than 
3 V, preferably 10-30 V. Generally a DC-voltage is used. 
But it is also possible to use pulsed or AC -voltage. The 
proper choice of voltage depends on the design of the 
equipment used, the degree of agitation obtained and the 
choice of electrolyte and temperature. The choice of 
electrolyte, temperature, applied voltage and polishing 
time should be adapted to the coating material and 
25 thickness, initial surface roughness and desired final 
thickness to obtain the best result. It is within the 
purview of the skilled artisan to determine these condi- 
tions . 

Immediately afterwards the polished parts are 
30 rinsed, e.g. in methanol, in order to avoid corrosion 

caused by the electrolyte. With a correct choice of the 
different parameters described above a thin, highly vis- 
cous layer is formed at the interface between coating 
and electrolyte. Since the voltage drop occurs mainly 
35 across this layer the polishing speed will depend 
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strongly o^its thickness. Therefore, on^f rough sur- 
face, protruding parts will be polished faster than 
grooves, leading to a continuously decreasing surface 
roughness. On the other hand, if the choice of parame- 
5 ters is too far from the optimum, the viscous layer will 
never be formed or will be unstable, leading to oxida- 
tion or even pitting of the surface. 

The method is suitable for mass production since 
large surface areas can be polished simultaneously with 
10 high polishing speed and extremely high accuracy and re- 
producibility. 

Example 

Cemented carbide inserts with a multiple layer coat- 
ing as shown in Fig. 1 were electropolished for 15, 60 
and 120 seconds, respectively, using an electrolyte con- 
sisting of 22 vol% sulphuric acid in methanol, cooled to 
-50 °C, and a DC -voltage of 20 volts. A 30 cm2 platinum 
sheet was used as cathode and the electrolyte was stir- 
red strongly using a magnetic mixer. As seen in Fig. 2, 
already after 15 seconds a substantial improvement of 
the surface roughness is obtained, especially over the 
nose. After 60 seconds, Fig. 3, the smoothness has been 
improved further at the clearance face. After 120 se- 

2 5 conds, Fig. 4, protruding parts of the Al 2 0 3 layer have 

reached the surface of the TiN layer. An extremely 
smooth surface has been obtained over the whole insert, 
with TiN neatly filling out the grooves of the underly- 
ing A1 2 0 3 layer. Most of the TiN has been removed and it 
does no longer form a continuous layer. In this particu- 
lar case, the process is actually self controlled. As 
the protruding parts of the electrically insulating 
AI2O3 reaches the surface, the electrical contact to the 
islands of TiN in the grooves is cut off and the polish- 

3 5 ing stops. A similar effect is obtained when polishing a 
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Ti-compnsTflg coating on an electrically insulating ce- 
ramic part. However, the method works equally well on 
coated parts where all layers in the coating as well as 
the part itself is electrically conducting, though care- 
5 ful control of the polishing time may be more important 
in such a case. 




1. Method for polishing coatings on cutting tools 
and wear parts, where the outer layer of the coating 
consists of TiC, TiN or Ti(C,N), to a high surface fin- 
5 ish characterised in the following steps 
providing an electrolyte of 2-50 vol% perchloric 
<HC10 4 ) or sulphuric (H 2 S0 4 ) acid, or a mixture thereof, 
in methanol or other organic liquid carrier 

submerging said coated parts into the electrolyte 
10 providing an electrode of an acid resistant mate- 

rial, e.g. platinum or acid resistant stainless steel 
within the electrolyte and 

applying an electrical potential between the coated 
part (anode) and the electrode (cathode) for a period of 
15 time sufficient to polish the outer layer. 
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